Abstract. This paper studies the problem of modular architecture when the durable goods are sequential innovation and manufacturers adopt the trade-in policy. It is assumed that consumer preferences for product quality are uniformly heterogeneous. In order to expand sales, the manufacturers used the trade-in policy to buy back the old modules. Through the study found that, The manufacturer's profit is commonly effect by upgrading quality loss and the second version improved module and the launch time of second version product and not the loss degree is low, the high quality of product must makes high profits. When the product is gradual improvement, the quality of the second version product is not high, the attraction of high-end consumers is insufficient, so these consumers will choose to buy the first version of product and then upgrade product. if the product design can not make the loss degree low enough, the manufacturer should not put much resources into the improvement of the performance module in the future to improve the quality.
Introduction
Due to the resistance of products (Durable Product) the cross term service life: the service life of the product is longer than two times sales interval, thus inhibiting the new product sales, durable goods led to the time inconsistency problem Coase [1] . Manufacturers in order to enhance sales of new products, often improve product quality, reduce prices or marketing means to stimulate sales of new products, thereby increasing profits. Among them, the Trade-in is used by many durable goods manufacturers. For example, the automotive industry, household appliances, computers, and consumer electronics in recent years. The trade-in can reduce the cost of the next purchase and stimulate the sales of the next generation.
In this paper, we will focus on the impact of the trade-in strategy on the modular product architecture, under what conditions, select the production of modular architecture products. The modular architecture are made up of two modules: one is Stable Module, and the other is Improving Module. The modular architecture of the product can be modular upgrade (Modular Upgradable) -stable module does not change, only to improve the performance of the module to upgrade and replacement, and there is a loss of quality upgrade. This modular upgrade exists in many industries, such as computer, semiconductor, IBM, Intel, and AMD machines [2] .
When we study that the product is Rapid Sequential Innovation, product pricing, we put the trade-in's the price discount rate, new product launch time and improve the quality of height together, then study the influence of these factors on product design and architecture. The remainder of the paper consists of the following parts: the second part, summing up the trade-in and modular architecture of the literature; the third part, put forward the model assumptions and models; the fourth part, analysis model; the fifth part, numerical analysis; the sixth part, managerial insights and future research direction.
The Problem Description and the Model
On the assumption, there is a monopoly manufacturer in the market. In the finite period of selling, the manufacturer develops two version of product: the first version of product is launched in the first period, the improved product is launched in the second period by manufacturer. The product is not disruptive innovation products, but is sequential innovation products. The quality of product can be improved by modular upgrading which a module in product can be exchange from improved module. The quality is denoted by , where t ∈ {1,2}represents the period. So, the first version product's quality is denoted by 1 , the second version product's quality is denoted by 2 , and 1 < 2 . The product is durable product that the service life of product is longer than time interval of two sales. The consumer who bought the first version product can continue to use the first version product, when the manufacturer launches the second version product.
Design Assumption. The product is composed of two modules: the one is stable module, the another is improving module. There is no overlap between these two modules. The product can be function when these two modules make up the product. So, there are two product architectures: modular architecture and integrated architecture. The whole product need to be replaced to new product, when the integral architecture product upgrades. The product's improving module need to be upgrade and stable module don't be replaced, when the product is modular architecture. The quality of stable module is denoted by
, and the quality of improving module is denoted by . Their quality is same [19] . = + (1) So, the first version product's quality is 1 = 1 + 1 , the second version product's quality is 2 = 2 + 2 . Because product is durable product, when upgrading product is modular upgradable, the first version product's stable module is still can be used which make up the second version product, and 0 < 2 < 1 . The improving module has expression: 0 < 1 < 2 . The different point is that there is loss of quality because the interface of the old stable module and new improving module isn't smooth, when the product is modular upgradable. The loss of quality is denoted by α, where α ∈ [0,1) [2] . α=0 expresses that the modular upgradable doesn't bring about loss of quality to new modular product. In the second period, the consumer who bought the first version product upgrades the old product through modular upgradable, then the quality of upgraded product is:
′ is expressed that the surplus of stable module's quality after the first period, and
Trade-in Decision. The consumer who bought the first version product can use the money that the manufacturer trades in the first version product to deduct the price of the second version product. The deducted price is which consumer reality pay for the second version product. When the product's architecture is modular architecture, the first and second version product's price are denoted by 1 and 2 , respectively. The consumer who bought the first version product modularly upgrades product through trade-in, then the price of second version improving module is
Consumer's Decisions. Consumer is strategic consumer who can predicts the price of new product accord to the new product's information (For example, product's quality) which access it through all sorts of channel before launching new product. In the two periods, consumer realizes own maximize surplus utility through comparing current surplus utility with future surplus utility. The consumer's Willingness to Pay about quality is denoted by θ, where is uniformly distributed on [0, 1] . When the quality of product is and the price of product is , the consumer's surplus utility is
> 0, the consumer buys the product. In every period, the discount factor of consumer
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and manufacturer is same δ, where δ∈(0,1). The consumer's surplus utility who bought the first version product is (1 − δ) 1 − 1 , in the first period, where (1 − δ) 1 expresses consumer's utility. The consumer's surplus utility which is acquire by using the second version product is equivalent to δ( 2 − 2 ), in the first period. After consumer bought the first version product, the consumer's surplus utility which is acquire by using the modular upgradable product through trade-in is:
When the product is modular architecture. In the first period, consumer can only buy the first version product. There are three kinds of consumer to buy product: first, no matter what consumer upgrades product or not, as long as his surplus utility is more than zero and the surplus utility that obtain through using the second version product, the consumer will buy, assume,
Second, although the consumer obtains the surplus utility which using the first version product is less than zero, the two phase of the total surplus utility which modularly upgrades product in the second period is more than the surplus utility which doesn't upgrade product,
Last, although the surplus utility which consumer acquires through using the first version product is less than which consumer acquires through using the second version product, the two phase of total surplus utility which consumer acquires through using the first version product and then upgradable product is more than which consumer acquires through using the second version product,
In the second period, the manufacturer sells two kinds of product, one is the second version product, another is the second version improving module. The condition which consumer buy the second version product is that surplus utility isn't less than zero, 2 − 1 ≥ 0 (11) And isn't less than which consumer acquires surplus utility through using the first version product,
And isn't less than which consumer acquires surplus utility through using the first version product and modular upgradable product,
Another kind of consumer who buy the first version product can modularly upgrades product in the second period. There are three kinds about the part of consumer: one kind, the consumer who bought the first version product modularly upgrades product because of higher surplus utility. The conditions are Eq.5, Eq.6 and Eq.8.
Second kind, in the condition, the surplus utility which acquire through using the first version product is less than zero, the total surplus utility is more than doesn't modularly upgrade first version product. The conditions are Eq.7 and Eq.8.
Last kind, the surplus utility which consumer acquires through using the second version product isn't less than which consumer acquires surplus utility through using the first version product, and
the two phase of total surplus utility which consumer acquires through using the first version product and then upgradable product is more than which consumer acquires through using the second version product. The conditions are Eq.9 and Eq.10.
Model Analysis
To consider the manufacturer's profit maximization when the manufacturer determines the product's architecture and price. When the product is modular architecture, then the manufacturer's second period optimization problem is given by Eq.14, where the demands 2 and 2 are denoted by the second version product of demand and the trade-in of quantity
In the first period, the firm sets its first-period price 1 to maximize the net present value of its revenue stream from the two periods, where 1 is denoted by the first version product's demand.
There're two kinds of improvement module: rapid improvement 2 ≥ 1 and gradual improvement 2 ≤ 1 . Every kind has two kinds: the discount quality of the second version product isn't lower than the discount quality of modular upgraded product and the discount quality of the second version product isn't higher than the discount quality of modular upgraded product. We'll find the optimal solution of every situation, then analyze the property of price function and demand function, at last choose the which kind of product architecture in which kind of situations. We'll use the Karush-Kuhn-Tucker Condition to solve the problem.
When the discount quality of the second version product isn't lower than the discount quality of modular upgraded product, there's only rapid improvement. Proposition 1. When ≤ , < 0 , 1 = 2 = 3 = 4 = 0 , the optimal price of the manufacturer is Fig. 3-5 , whatever the second version product lunch time, when the loss of quality and the quality of the second version improving module are lower than the threshold, the manufacturer's profit increases along with higher of quality, when the quality of the second version improving module are higher than the threshold, the profit declines along with higher of quality; when the loss of quality is higher than the threshold, the profit declines along with higher of the quality of the second version improving module; the degree of the loss of quality is higher, then the profit is lower.
Managerial Insights and Future Research Direction
In this paper, we study the problem of modular architecture in the trade-in policy. Because of the technological innovation speed, durable goods manufacturers in response to consumer demand changes rapidly, at the same time to consolidate the existing market, to design a modular architecture and more products (such as mobile phone and home appliances). In this paper, we assume that the consumer's quality preference is uniform diversity, modular architecture is composed of two modules: the module of basic module and improvement module. In order to promote the sales of new products, manufacturers use trade-in policy from consumers repurchase generation improvement module or products, and give consumers certain subsidies to offset the purchase of new modules or the price of the product. The manufacturer does not generate costs in the manufacturing module, and the price of the first and second version is the same. As a result, the quality of the upgrade, the timing of the new product, the price and quality of the product have a bearing on the design of the product. What is different from Ramachandran [2] is that through our research found that:
The manufacturer's profit is commonly effect by upgrading quality loss and the second version improved module and the launch time of second version product and not the loss degree is low, the high quality of product must makes high profits. This is because the manufacturer needs to sell a new module while buying an old module, so the amount of the trade-in can be controlled only by determining the price of the second version module. When the product is gradual improvement, the quality of the second version product is not high, the attraction of high-end consumers is insufficient, so these consumers will choose to buy the first version of product and then upgrade product. Manufacturers in the product design process, it is necessary to minimize future upgrades when the quality of product losses. If this upgrade quality loss exceeds a certain threshold, with the second version improved module is improved, but the profit of the manufacturer in reducing losses; no more than this value, then the profit increases with the module of quality improvement to improve the performance of the second generation. Therefore, if the product design can not make the loss degree low enough, the manufacturer should not put much resources into the improvement of the performance module in the future to improve the quality.
This article focuses on the product sales process, the product recycling process is not considered in this article. What recycling channels should be chosen for the product to be recycled, whether the manufacturer is directly recycled or recycled through the retailer, does the different recycling channels affect the product design architecture? Also, this article assumes that the price of the first and second version product are the same. What would happen if the manufacturer adopted the dynamic pricing strategy? These issues will be the direction of future research.
